Although family-related demands play a role in the effect of psychosocial work characteristics on health, research on work-related health has neglected the family domain. The aim of the present study was to identify the effects of family demands and work-life conflict (WLC) on musculoskeletal disorders (MSDs) among Korean workers. We analyzed data from the nationally representative Korean Working Conditions Survey conducted with 50,007 workers in 2014. Logistic regression analyses stratified by gender were performed to identify gender differences, and interaction terms including WLCs and key covariates were also incorporated. Childcare demands (odds ratio (OR), 1.16) were related to MSD only in male workers, whereas homemaking (OR, 1.09) and eldercare (OR, 1.26) demands were related to MSDs only in female workers. WLC was also associated with MSDs among both male (OR, 1.50) and female (OR, 1.55) workers. We found no gender difference in the effect of WLC on MSDs (p = 0.91). Moreover, childcare demands may exacerbate the effect of WLC on MSDs. Our data suggest that family demands and WLC could be important targets of workplace interventions to prevent MSDs, and future research should evaluate the role of family demands and WLC as stressors in the workplace.
Introduction
Musculoskeletal disorders (MSDs) are among the most common and costly health problems affecting working populations and constitute a major cause of disability [1] . Globally, the prevalence and burden from MSDs are exceptionally high [2] . It has been estimated that approximately 25-30% of European employees experience MSDs [3] . Indeed, 54.5% of adults in the United States, which amounts to 125 million people, have suffered from one or more MSD [4] . Moreover, MSDs cost the European Union (EU) 0.5-2% of gross domestic product (GDP) annually [5] . In the United States, the annual average direct cost of MSDs was estimated to be $576 billion, or 4.5% of GDP [6] . MSDs accounted for 21.3% of the years lived with disability (YLDs), behind only mental and behavioral problems (23.2%) [7] .
Work-related causes of MSDs have been well established [8, 9] . There is clear evidence that MSDs are directly caused by physical work conditions, such as heavy lifting and carrying, awkward postures, tiring positions, vibrations, and excessive repetitive motions [10] . Recently, a growing body of evidence has suggested that psychosocial work-related factors, such as high psychosocial job demands, low job control, low social support at work, and job stress, are also predictors or risk factors for MSD [11] . More recently, studies have focused on psychosocial aspects outside of the work environment, such as the impact of family and personal life, due to an increase in the number of women who work and changes in personal values [12] [13] [14] . However, little is known concerning associations between family demands, conflicts between work and home life, and MSDs or the possible moderating role of work demands in these relationships.
Work-family conflict (WFC) is a critical cause of mental and physical health problems [15, 16] . WFC has been defined as "a form of inter-role conflict in which the role pressures from demands of work and family are incompatible, so that they negatively affect each other" [17] . WFC has become more important due to the increase in female education and labor-market participation as well as the rise in demand for eldercare due to aging of the population. Personal electronic communication devices, such as laptops and smart phones, have also increased the incidence of WFC [18] . WFC influences employee health outcomes and workplace productivity and is reportedly related to psychological stress, life and job satisfaction, substance abuse, and physical health [16, [19] [20] [21] . Recent studies have used the term work-life conflict (WLC) to expand the scope of WFC to reflect nonwork demands and responsibilities beyond those related to one's family [12, 22] .
Family demands are a key factor in WLC research [23, 24] . "Family demands" refer to "the time spent, level of commitment to, and responsibilities related to family-related demands and obligations, such as housekeeping and caregiving for family members" [25] . Although family demands and WLC are key variables in investigations of the effects of the combination of work and family life on health, several studies did not evaluate important family demands other than WFC and working conditions [26] . Indeed, most focused on the relationship between WFC and health, but little about family demands, particularly in relation to domestic responsibilities, is known.
The relationships between family demands and health have been investigated. In Spain [27] [28] [29] , demands in the family domain were related to self-perceived health status and health behaviors among females workers with a low educational level [27] . Regarding gender differences, family demands were not associated with the health of male workers but were associated with the psychosomatic symptoms and self-perceived health status of married female workers in family units consisting of more than three members [28] . In these studies, household size and living with an elderly relative or a child were used to assess family demands. Evidently, family demands depend not only on household size, having a child, and living with an elderly relative but also the degree of involvement in family-related work. However, these previous studies did not gather information on such factors [27] [28] [29] . A study of 239 Chinese employees reported that both work and family demands were related to employee stress, but family demands had the greater impact [25] . However, fewer male than female workers participated in the studies. The gender differences in the association between family demands and health suggest that this skewed gender distribution biased the results. Marchand et al. (2016) found that depressive symptoms were associated with WFC and couple-related problems but not with domestic tasks or caregiving among 1935 employees in 63 workplaces in Canada [30] . These studies did not consider several important confounders but did account for job stress and social engagements [25, 30] . Furthermore, most of these studies were limited to white-collar workers, and skilled/unskilled blue-collar workers were excluded.
Family demands and WLC differ according to social and cultural context [21] . For instance, the average Korean worked for 2024 h per year in 2017, which places it third among Organization of Economic Cooperation and Development (OECD) countries (mean, 1759 h) [31] . That is, Koreans worked 20% more hours per year than residents of other OECD countries. Regarding the Global Gender Gap Index in 2017, Korea is ranked 118th of 144 countries [32] . Males spend 45 min per day on unpaid childcare and housework, whereas the comparable figure for females is 227.3 min [12] . Therefore, the effects of family demands and WLC on health by gender, especially in combination with other work demands, should be evaluated.
This study investigated whether family demands and WLC are related to MSDs among Korean workers by investigating three research questions. (1) Do family demands and WLC affect MSDs? (2) Are there gender differences in the relationships among family demands, WLC, and MSDs? (3) Do work and family demands exacerbate the effect of WLC on MSDs? Studies investigating the psychosocial work environments have mostly examined MSDs as the outcome variable. Abundant studies on the relationship between the psychosocial working environment and MSDs have been performed [33, 34] . The current study differs from the existing literature by including family demands and WLC as psychosocial factors in the work environment and presents interesting empirical data according to gender. Our results highlight important psychosocial risk factors in the work environment. Also, prior research on family demands and WLC was limited to white-collar workers. We used a nationally representative survey dataset collected in 2014 that includes various subpopulations and occupations. We also evaluated the influence of various work-and life-related potential confounders, which have not been considered before (e.g., working hours, company size, physical demands at work, job stress, and social engagements). Moreover, the sample size of this study was large enough to examine interactions between variables that modify the effects of WLC in detail. Our results provide greater insight into population-based prevention strategies.
Materials and Methods

Data and Study Sample
We used data obtained from a representative sample of the working population of Korea by the fourth Korean Working Condition Survey (KWCS), which was conducted in 2014. The KWCS largely follows the European Working Conditions Survey (EWCS). The subjects of this study were workers at least 15 years of age who had performed paid work for more than 1 h during the previous week and lived in Korea. The response rate was 0.330, the cooperation rate was 0.699, and the refusal rate was 0.142 in the 2014 KWCS [35] . The validity and reliability of the 2014 KWCS, which are identical to those of the 2011 KWCS, have been confirmed [36] . We analyzed a total of 50,007 Korean workers: 25,247 males and 24,760 females.
Measures
Family Demands
Subjects were asked about the frequency with which they undertook three household chores: "In general, how often are you involved in any of the following activities outside work (1) childcare demands, caring for and educating your children and/or grandchildren; (2) homemaking demands, cooking and housework; and (3) eldercare demands, caring for elderly/disabled relatives?" The possible responses were as follows: "1 h or more every day", "every other day for less than 1 h", "once or twice a week", "once or twice a month", "once or twice a year", "never", and "not applicable." Subjects who responded "1 h or more every day" were defined as having family demands.
Work-Life Conflict
WLC was measured by three questions. (1) Work-life fit: "How well do your working hours fit in with your family or social commitments?" The possible responses to this question were: "very well", "well", "not very well", and "not at all well". Responses of "very well" or "well" were considered to indicate a good work-life fit, and responses of "not very well" or "not at all well" were considered to indicate a poor work-life fit. (2) The frequency of overtime work was evaluated with the following question: "Over the last 12 months, how often have you worked during your free time in order to meet work demands?" The possible responses were as follows: "nearly every day", "once or twice a week", "once or twice a month", "less often", and "never". Responses of "nearly every day" or "once or twice a week" were considered to indicate a high frequency of overtime, and responses of "once or twice a month", "less often", or "never" were consider to reflect a low frequency of overtime. (3) Work-schedule adjustment was evaluated by the following question: "Which of the following describes your experience of arranging to take an hour or two off during working hours to take care of personal or family matters?" The possible responses to this question were as follows: "not difficult at all", "not too difficult", "somewhat difficult", and "very difficult". Responses of "not difficult at all" or "not too difficult" were considered indicative good work schedule adjustment, and responses of "somewhat difficult", or "very difficult" were considered indicative of poor work-schedule adjustment. WLC was defined as a binary variable, being equal to 1 if answers to at least two of the above three questions (i.e., pertaining to poor work-life balance, frequent overtime, and/or poor work-schedule adjustment) indicated the existence of WLC.
Musculoskeletal Disorders
The presence of an MSD in the past 12 months was assessed with the following question: "Over the past 12 months, have you had any of the following health problems: backache, muscular pains in your shoulders, neck, and/or upper limbs; muscular pains in your lower limbs, such as your hips, legs, knees, feet, etc.?" The possible responses were "yes" and "no."
Confounding Variables
The following sociodemographic characteristics were evaluated: (15-39, 40-49, 50-59, or ≥60 years), education (less than middle school, high school, or college or above), monthly salary (<$1000, $1000-$1999, $2000-$2999, or ≥$3000), and employment type (self-employed, employee, or other).
We selected work-related variables reportedly associated with family demands and MSDs [12, 13, 20] . Subjects were classified into five occupational groups: (1) managerial and professional (professional technicians or senior management); (2) white-collar; (3) sales and service; (4) skilled blue collar (skilled or semiskilled); and (5) unskilled and other (nonskilled, agriculture, or forestry). Subjects were classified as having nonshift or shift schedules, and company size was classified as <10, 10-99, or ≥100 employees. Working hours were divided into less or more than 48 h per week; the latter is considered overtime by the EWCS [37] . Job stress was assessed using the responses to the following statement: "I am under stress at work." The possible responses were as follows: high job stress (always or most of the time) and low job stress (sometimes, not much, or not at all). Job-related physical demands were assessed with the following questions "Does your main paid job involve (1) tiring or painful positions; (2) lifting or moving people; (3) carrying or moving heavy loads; (4) standing; or (5) repetitive hand or arm movements." Subjects responded on a seven-point scale ranging from 1 (never) to 7 (all the time). The sum of the item scores was used as the scale score, and these scores were dichotomized around the medians for the logistic regression analysis.
Subjects were asked about the frequency with which they participated in three types of social engagement: "In general, how often are you involved in any of the following activities outside work? (1) voluntary or charitable activity; (2) taking a training or educational course; and (3) sporting, cultural, or leisure activities." The possible responses were as follows: "1 h or more daily", "every other day for less than 1 h", "once or twice a week", "once or twice a month", "once or twice a year", "never", and "not applicable". Subjects who responded "more than once or twice a month" to either question (1) or (2) were considered to participate in volunteering or self-improvement activities, and those who responded "more than every other day for less than 1 h" to question (3) were considered to participate in leisure activities.
Statistical Analysis
Data from male and female workers were analyzed separately in this study. First, the chi-squared test was used to test the associations between independent variables and MSDs. Second, a multivariate logistic regression analysis was performed to examine the associations among family demands, WFC, and MSDs. We controlled for sociodemographic variables, potential work-related variables, which are proven protective factors for MSDs [38] , and social engagements. The results are presented as odds ratios (ORs) with 95% confidence intervals. To identify gender differences in the effects of family demands and WLC on MSDs, we computed interaction terms between gender and WLC or family demands in a multiple logistic regression model (n = 50,007). Finally, to determine whether work and family demands exacerbated the effects of WLC on MSDs, we added the following interaction terms for WLC and work and family demands to the multiple logistic regression: employment type, working hours, physical demands at work, job stress, family demands, and social engagements. All analyses were performed using R software ver. 3.3 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Sociodemographic Characteristics of the Study Subjects
The prevalence rates of self-reported MSDs during the previous year according to sociodemographic characteristics, work demands, family demands, and WLC are shown in Table 1 . Respondents with missing information for educational level, salary, physical demands, or working hours were defined as the "no-response group." Of the subjects, 50.5% were males and 49.5% were females. Of the female and male subjects, 29.0% and 26.8%, respectively, were 15-39 years old. The majority of subjects had a high school (38.5% of males and 40.9% of females) or college/university (43.1% of males and 34.0% of females) education. More than half the females (59.5%) had a monthly salary of less than $2000, whereas 63.0% of males had a monthly salary of more than $2000.
Regarding occupational category, almost half the males (44.8%) were skilled or unskilled blue-collar workers, whereas almost half the females (46.0%) were employed in sales and service. The majority of subjects (57.3% of males and 67.9% of females) were employed by a small company. Relatively few subjects did shift-work (8.8% of males and 5.3% of females). Of the male and female subjects, 40.2% and 33.9%, respectively, worked at least 48 h per week. Of these subjects, 22.5% of males and 21.5% of females suffered from job stress.
Regarding family demands, females consistently provided most of the family care, cleaning, cooking, and laundry; few males regularly engaged in these activities. Of the female subjects, 19.5%, 74.8%, and 2.2% reported childcare, homemaking, and eldercare demands, respectively; the proportions among males were considerably lower. However, 27.9% of males and 24.6% of females reported WLC. Regarding life-related activities, 3.7% of males and 4.6% of females regularly volunteered during their free time, and 16.7% of males and 16.0% of females attended a training or education course. Also, 12.9% of males and 10.8% of females participated in sporting, cultural, or leisure activities outside their home. .3) Percentages in the shaded areas are the column percentages of each variable. Other percentages are row percentages by gender. * In the survey year, the exchange rate was 1000 KRW = 0.94 USD. a Chi-squared test. In terms of employment status, 37.2% of males and 30.0% of females were self-employed.
Prevalence of MSD by Work-Related Variables, Family Demand, and Social Engagements
Of the male and female subjects, 42.6% and 53.0%, respectively, reported having an MSD in the past 12 months, as shown in Table 1 . Using aged under 30 years as a reference, we found that the prevalence of MSD increased with age up to 65 years. Of the male and female subjects, 66.7% and 78.0%, respectively, of those with less than a secondary education reported having an MSD, which was higher than those with a high school or university education. Subjects with low salaries reported a higher prevalence of MSDs. Regarding occupational category, male (57.0% and 53.1% for skilled blue-collar workers and unskilled workers and others, respectively) and female (75.9% and 68.9% for skilled blue-collar workers and for unskilled workers and others, respectively) subjects had a higher prevalence of MSDs than did white-collar or sales and service workers. Male (49.0%) and female (59.1%) subjects who worked more than 48 h per week had a higher prevalence of MSDs than those who worked less than 48 h per week. Subjects employed in physically demanding occupations (56.1% of males and 66.3% of females) had a higher prevalence of MSDs than those in nonphysically demanding occupations.
Regarding family demands, subjects of both genders without childcare demands (43.1% of males and 55.7% of females) reported a higher prevalence of MSDs than those with childcare demands. Female workers with high homemaking demands and eldercare had a higher prevalence of MSDs than those without such demands (55.5% for homemaking demands and 67.6% for eldercare demands). Regarding social involvement, subjects of both genders who volunteered or engaged in self-development or leisure activities had a lower prevalence of MSDs than did subjects without such engagements. Male (48.9%) and female (59.3%) subjects who reported experiencing WLC had a higher prevalence of MSDs than did those without WLC.
Prevalence of Family Demands by Key Covariates
As shown in Table 2 , females consistently performed most of the family care, cleaning, cooking, and laundry; few males regularly engaged in these activities. Of the female subjects, 19.5% were engaged in childcare for more than 1 h a day, and 2.2% were engaged in eldercare for more than 1 h a day. The corresponding values in males were 5.9% and 0.7%, respectively. Subjects of both genders under 50 years of age reported higher childcare demands, whereas those over 60 years of age reported higher eldercare demands. Regarding housework demands, 74.8% of females were engaged in housework for over 1 h a day, which was around sixfold higher than the comparable figure for males. Among females, the majority of skilled (82.9%) and unskilled blue-collar workers (84.5%) had higher housework demands than white-collar workers (64.5%) or sales and service workers (74.4%). Subjects with a highly physically demanding job reported higher homemaking demands than those without such a job; this was the case for both males (14.1%) and females (77.5%). Among males, subjects who volunteered or participated in self-development activities had higher childcare and homemaking demands. The prevalence of family demands did not differ according to work hours. Table 2 . Prevalence of family demands by sociodemographic variables, work demands, and WLC, n (%). MSDs only among male workers. Shift type (OR, 1.17; 95% CI, 1.03-1.32) was related to MSDs only among female workers. After adjusting for work-related variables and key covariates, the effect of family demands on the prevalence of MSDs differed by gender, as shown in Table 3 . The effects of family demands on MSD differed by gender. Childcare demands (OR, 1.16; 95% CI, 1.03-1.31) were related to MSDs only in male workers, while homemaking demands (OR, 1.09; 95% CI, 1.02-1.17) and eldercare demands (OR, 1.26; 95% CI, 1.03-1.55) were related to MSDs only in female workers. WLC was significantly associated with MSDs among male (OR, 1.50; 95% CI, 1.41-1.60) and female (OR, 1.55; 95% CI, 1.45-1.65) workers. The effect of WLC on MSDs did not differ by gender (p = 0.91). 
Work and Family Demands Exert a Moderating Effect on the Relationship between WLC and MSDs
Significant modifying effects of WLC and certain work and family demands on MSDs were found, as shown in Table 4 . Although childcare demands (OR, 1.00; 95% CI, 0.93-1.08) were not associated with MSDs in females, the interaction of WLC with childcare demands was significant in both males (OR, 2.26) and females (OR, 1.69). However, the interactions of WLC with job stress (OR, 1.75) and a physically demanding job (OR, 3.60) were significant only for females. 
Discussion
We investigated the effects of family demands and WLC on MSDs using nationally representative data collected in 2014. WLC was related to MSDs among male and female workers after adjusting for work-related factors and social engagements. In addition, our findings show that family demands are associated with MSD prevalence, which, to the best of our knowledge, has never been reported previously.
The main contributions of this study can be summarized as follows. First, for the first time, we interpreted family demands and WLC as psychosocial factors in working environments and showed that they had significant relationships with MSDs. This result indicates that researchers should treat family demands and WLC as risk factors when examining the association between the psychosocial working environment and health problems. Second, ours is the first study to investigate whether there were gender differences in the relationships among family demands, WLC, and MSDs. Third, we found that childcare demands significantly modified the relationship between WLC and MSDs. The identification of effect modifiers implies that these factors contribute to the causal mechanisms of health hazards arising from WLC.
Family demands and WFC can evoke physiological stress reactions. A disparity between the demands placed on and the abilities of workers results in negative emotional and physiological responses [39] . For example, although employees who work long hours might expect to do less housework, this may not actually be the case [40] , which increases their negative psychological reaction to family demands [25] . Also, employees who experience WFC may be preoccupied with family-related demands, such as caregiving [20] . The psychological distress generated by a situation perceived to be uncontrollable can cause persistent feelings of distress and subsequently influence health [39] . Psychological distress can increase muscular tension, resulting in MSDs [41, 42] . Psychosocial factors can also influence mechanical load by promoting unfavorable body postures [43] . Indeed, psychological stressors reportedly increase trapezius muscle activity [44, 45] . These results support the existence of a biomechanical pathway between work-related psychological factors and MSDs.
The prevalence of WLC was similar between male and female workers in this study, but females tended to respond to family demands more frequently than males in this study. The roles and responsibilities of males and females within the family have become more egalitarian with increasing female workforce participation [46] . For example, nationally representative data from the United States indicated that attitudes toward male and female work and family roles became more equitable between the 1970s and the 2010s [47] . Therefore, male workers are more likely to experience WFC than before. However, males tend to be less effective than females in such roles [48] . Employed females still feel more responsible for the family and tend to engage in household tasks and caregiving more frequently than do males [49] .
The effect of WLC on the prevalence of MSDs did not differ significantly according to gender in our study, which is consistent with previous reports [12, 14] . Gender differences in health outcomes, such as stress, anxiety, and depression, have been previously reported [50, 51] . However, no gender difference in the associations between WLC and health outcomes (e.g., anxiety, stress, lack of sleep, poor self-assessed health, poor physical health, and health behaviors) was noted [52] [53] [54] [55] . WLC is significantly related to MSDs in male and female workers [12, 14] .
We found that the types of family demands affecting health differed by gender; namely, men were more affected by childcare responsibilities, whereas women were more affected by homemaking and eldercare. The associations between family demands and health problems-that is, life stress, self-perceived health status, chronic conditions, psychosocial symptoms, and depression-reportedly differ by gender [28] [29] [30] . Among male workers, family demands were not related to health-related outcomes. However, family demands were associated with poor self-perceived health status and psychosocial symptoms among married female workers who lived with more than three members [28] .
Caregiving can exert positive and negative effects on health [56] . Caring for a family member was related to psychosocial stress but also offered benefits, such as closeness with that family member.
The health effects of WLC showed a significant interaction with childcare but not with other family demands. The association between WLC and MSDs was stronger among male and female workers who had childcare responsibilities. Childcare responsibilities may afford less control over the schedule and quantity of work compared with homemaking demands. Eldercare responsibilities may be similar in this regard, but the frequency of eldercare was very low among the working population in this study, possibly resulting in insufficient power to detect a significant interaction. These results suggest that social policies supporting childcare activities are important to relieve WLC and its associated health risks in male and female workers.
Policies to address WLC have been implemented in Korea as well as in other countries. The foundational legislation of work-family policies in Korea is contained within the "Act on Equal Employment and Support for Work-Family Reconciliation". This Act was reformed in 2007, cementing its importance to work-family balance. Another law, the "Act on the Promotion of Creation of Family-Friendly Social Environment" was also enacted in 2007 to promote family-friendly communities. As of 2014, when our survey in was conducted, the prevalence of WFC still remained relatively high. The aforementioned laws are considered insufficient to meet the needs of a working family [57] . A recent evaluation study called for the revision of these laws to overcome their limitations [58] .
This study had several methodological limitations. First, it used cross-sectional data, which prevented determination of causality; therefore, reverse or reciprocal causation cannot be excluded. Second, family demands, WLC, and MSDs were assessed with self-reported questionnaires, which can be influenced by subjective experience. Moreover, the presence of MSDs was assessed using a single item, and the number of musculoskeletal pain sites was not considered. This may have resulted in an underestimation of the strength of the relationships among family demands, WLC, and MSDs. Third, we addressed missing values using the missing indicator method [59] . In this study, 0.8%, 6.9%, 1.1%, and 1.6% of subjects had missing information concerning educational level, salaries, working hours, and physical demands, respectively. The logistic regression results were comparable to those of a complete case analysis after omitting subjects with missing data (n = 45,001).
Conclusions
Our study provides new empirical evidence that the risks of MSDs among workers are associated with family demands and WLC, independent of work demands. More specifically, high childcare demands may increase the adverse effect of WLC on MSDs in both men and women. In our study population, gender differences were not found in the effect of WLC on MSDs. However, women experienced more adverse health effects of family demands than men. According to our findings, prevention of MSDs in workers requires appropriate coordination of family demands as well as a reduction of WLC, both for male and female workers.
